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With the rapid development of marine exploitation, marine environment 
monitoring, marine national defense and security, the requirement of transmitting 
information through underwater channel is increasing in recent years, so underwater 
acoustic communication has drawn significant attention. However, the complexity, 
time-varying and uncertainty of underwater acoustic channel character lead to 
Doppler shifting, multi-path, time and frequency selective fading, which bring 
considerable challenges to R&D of high performance underwater acoustic 
communication system. With the development of underwater acoustic signal 
processing, especially the fresh development of time reversal and digital hardware 
processing platform, robust point to point communication and underwater acoustic 
network become possible. 
     Time reversal becomes a research focus in underwater acoustic communication 
in recent years, because time reversal technology can concentrate multipath and 
improve output signal-to-noise ratio (OSNR) without knowing channel character in 
advance. Direct sequence spread spectrum has been exploited widely in underwater 
acoustic because of its advantage of anti-multipath, anti-jamming and spreading gain. 
Considering the performance degradation of time reversal method under 
time-varying channel, by combining time reversal and spread spectrum we proposed a 
novel scheme for time reversal spread spectrum UWA communication in the presence 
of time variation. The proposed scheme utilizes previously decided bits to generate 
spread spectrum sequences as the training signal to update the channel estimation, and 
adopts the output of the channel estimator for time reversal processing to facilitate 
multipath and noise robust demodulation. The mechanism of the proposed method not 
only enables the multi-path focusing, but also omits the employment of the probe. In 
addition, the proposed scheme is robust to low SNR and convenient for 
implementation. Furthermore, we compare the performance of channel estimation 
time reversal under different SNR. 
The main contributions of this paper are as follows: 
1、We proposed a scheme based on time reversal and spread spectrum under 















character, and utilizing the channel response for time reversal. The proposed time 
reversal communication scheme is suitable for low SNR condition due to its inherent 
spread spectrum feature. 
2、This paper compared the performance between different updating frequency of 
channel estimation based time reversal method and classic probe updating based time 
reversal method, analyzed the performance of channel estimation based time reversal 
method under different SNR. 
3、Based on above investigation, hardware implementation of the proposed time 
reversal DS scheme was carried out based on DSP platform, by which the 
effectiveness of the proposed scheme was validated with lake trial. 
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年的 Seaweb计划，欧共体在MAST (Marine Science and Technology program)计
划支持下，开展了名为 ROBLINKS (Long Range Shallow water Robust Acoustic 


































































图 1.1 LinkQuest公司 UWM系列水声Modem 
Fig.1.1 UWM series Modem of LinkQuest Corporation 
图 1.1 为 LinkQuest 公司 UWM 系列的水声 Modem。UWM 系列的 Modem
包括 UWM1000、UWM2000、UWM2200、UWM3000、UWM4000、UWM10000，




图 1.2 为美国 Woods Hole 海洋研究所开发的微型 Modem[12]。微型 Modem
的处理芯片是 TI公司的 TMS320C5416 DSP芯片，具有高度集成、功耗低的特


















表 1.1 UWM水声Modem参数一览表 





图 1.2 Wools Hole 开发的微型Modem 




图 1.3 Benthos公司研制的水声Modem 





















图 1.4 S2C L220水声Modem 
Fig.1.4 Underwater acoustic Modem of L220 
 




最高可达到 72kbps，内部具有纠错功能，误码率可达 10-7，采用 DC12V供电，
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